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© EriZy me-nu Cl eic acid hydrazone and hydrazide connate compositions. pro.es and method, 

« A nuc.eic acid probe, wherem the labe. ,s a ^^^Z^Z^^^S^^ 
pTobe is a DNA or a RNA and comprises a segment of « ^ e are covalently ]0ine d by a 

to that of the target segment of the probe. Ir , tta , p«be th ^ the V nucle , c aCid and , at the other 
,inker, which is bonded, at one end. to the 5 -carbon of the 5 nude ^ js & ^ 

end. to the enzyme and which comprises an , hyc azene or hydraz^i 9 J> 3t the 5 . carb0 n 

wh,ch is an intermediate for makmg a probe f*"****^ ,7" Further provided are methods of makmg a 
of the 5 '-nucleotide, with a moiety with a hydrazmo group. Pu P ^ ^ an 

nucleic acid probe of the invention. In one such method « nucle.c Qf ^ jnventjoni w , m 

enzyme, which is derivatized to have an aldehyde group. In another such me p drid8 . such 

an hydrazone in the linker ,oin,ng the not substant.ally affect the probe. Further, 

reduction changes the hydrazone to an hydra^.de but o hervv.se does n ^ ^ hyMd|zatto 

a method is prov.ded for detecting a nucle ic ae -n^» by ca ^ Mention |des the cornpound 4-N - 
assay with a probe according to the mvent.on for the ana^te. Fmal.y. * Qf 4 . N . benzylam ,do P henyi 

benzylamidobenzaldehyde and nucle.c acid probes labeled with a 
mrough a linker which comprises an hydrazone or hydraz.de group. 
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e n n o Z vel methods of making and us.ng the ^ DNA and RNA analytes £ sample* , o. 

Nucleic acid probes have multiple uses m proo y , nc | ude the detection of genetic 

bl0 log c ™ tena' Applications of nucle.c acd ^ ^^n^-n-ion. detection of des.red clones 
ases. diagnosis of mfect.ous d.se«e^ of the nature and extent of mutations ,n 
among clones derived from a transformed cv Itur* oe molecules and chromosomes. 
Sned DNA fragments, and the construction of maps of DNA ^mo molecules , such as synthetic 

d0ne T d he most commonly emp.oyed method nor used as probes in n UC ,,c acd P robe 

oligonucleotides, so that they can be detected radioisotope, such as «P. 3 K or 5. 

hyfridiation assays, is enzymatic or chem.ca, a »'a^9 Qf fewer than abou t 1 00 bases 

Radioactive.y labeled nucleic acid ^«^ S *Z^^»^ is undesirable and ine«,c,ent 
can provide high sensitivity and spec, totym ^ ™ afld . durlf1 g labeling, in hybndization 

because radioactive nucleic acd molecules have sh ort s utions t0 minimize exposure o< 

aSy procedures, and for disposal, require f^S^^rid and routine use of nucleic acd 
Personnel and the environment to hazardous »W P ^ whjch &fQ S|mp , t 

b;;:^^^^^ =b,e to ,hat prov,ded by " ,y 

Commonly employed, non-radioactive ™- 

abe and wherein signal for detecting the probe., generated J (Q bl0tjn . through covalent 

covalentiy) to the biotm or hapten. For example ■«f^* c I J Q( at one 

kages to a terminal nuc.eotide (e.g.. hrough 5 0 (1985); Ward e t .... United States 

nucleoside bases, are known. See e.g Ch . and ° de(ectedi after nybn dization of probe to its 

Patent No 4 711 ,955. Such a biotinylated nucle.c acd prooe tQ ^ systQm a 

att and -hing of excess ; unhyb^z* ™£ high Unities for b.otin. with an 

complex of av.din or streptav,d,n. which a re ^ ^ tase washing excess prote.n complex tha us 

, enzyme, such as horserad.sh P e <™ 6aSG °'^f™* Q * tne syst em a substrate for the enzyme of the 
not bound to biotin from the system, and then add ng to th y & chromogenjc reactl0n , wh ere,n 

protein complex, whereupon the f ^^Ji^^tomeiicaily. is produced. A simi* system^ 

5 rssssr s= - h - - — s described n European 

Patent Application Publication No. 0 210 021 ' , a step 0 f binding a signal-generatmg 

These indirect detection methods ^TSc n only adds to <he difficulty of carrying out an 
prote,n complex to nucle,c acid probe , Th.s step not only ^ ^ ^ also tn 

„ hybndization assay, by add.ng manipulations ; equire a Y ^ to non . spQClfic bmdin g of a 

sensitivity of the assay because of the ^ avolda ^ le . '^ ein 9 compleX es compr.s.ng av.din or strep- 

. -rrt^ b,ot,ny,ated prote,ns and vanous 

glycoproteins which are commonly found "^^Ts^r the detection of nucleic acid probes i.e. 

Heretofore, direct, nonrad.oac ^ZTToJeZ joined to a cata.ytica.ly act.ve, 5igna.-generat.ng 
systems wherein the probe ,s a target , have rarely been employed, 

enzyme, usually prior to hybrid.zat.on o the nuc.e ^ \ 9 jbed DNA probes where.n sing.e- 

50 Renz and Kurz, NuC Acids Res. 1 2 - c0v3lently wlt h g.utara.dehyde to a complex of 

™ " oMs Mscr,b,d by neni 
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A , „ih nf at least about 1 tRse in length and have lim.ted 

Kurz supra, require a s.ngWranded nucleic ac.a o nybr idization assays. 

sensitJy because of the h,gh level of ^^^^^^ probes made by con.ugat.ng ca» 
jablonsk, et al.. Nucl. Ac.ds Res. 14. 6 1 . 26 bases m length), where.n one of the 

intestine alkaline phosphatase to synthet.c 0, '9°" u ^ TO ^ n ( . s a 12 . atom mol ety with a free am.no group 
bases is uracil modified to have covalently joined ^ c carbon Q|j cleotlde with disuccin.midyl 

'The enzyme is covalently linked to an oJ = ^ a J ■ JO ,ned ?n an am.de „nkage to the free 

suberate. whereby one of the carboxy groups of he su* ^ (hen reacting tne mo d,f.ed 

am,no group |o,ned to the modified urac.l of the of the sube rate forms an am.de 

oligonucleotide with alkaline phosphatase * h«-by the other c * ^ Ms in the sy nthes.s of the 

"pTr^ ~ ° f ^ " ' 

~T^, *c,s Res. 15. T - - r^^^ 

Where,n calf intestine alkaline phosphatase ,s I ° andedo ,igonucleotide is denvat.zed at the 
a sulfhydry.. ,n the probes reported ^^"^^'^ctootidw. which are added to the 3 -end o 
N'-position of a cyt.dine at the 3 -end of a spacer of* eve a ^ ^ ^ apd t0 which 

the oligonucleotide segment, whose sequence «c™<>£™ nt ^ y de r,vat,zed to the 3 -cytidine has a 

the probe is .ntended to hybr.dize in » ^•^^"^•^i.ooS.cteotJ* to the enzyme, the free 
free sulhydryl group, in the con.ugat.on reac on ^ * had been ioined to the attain, 

sulhydryl ,o.ned to the oligonuculeot.de ^« ^^^^ x 9 y8uccinim ide ester of alpha-bromoacet,c 
phosphatase in a reaction between the enzyme an I th , N hyd o y ^ ^ djsadvanta . 

Lid The P-bes and the.r method of P^"^^^^ ^ to „ P . whereby unwanted disulfides 
geous sens.tiv.ty of sulhydryl-conta.n.ng compounds to ^ mult , nucleotlde 

form. See. e.g., Orgel and Chu, Nucl. Ac.ds Res_ 16. 36J1 V 

spacer ,n the probes of Li et .. car .adversely a ec e spec.aty p ^ qq < 

King et al., Biochem.stry 25, 5774 - 5779 (19ab). Qvalbumin is modified to have e.ther aryl 

pro te,n with another protein, o K ng - y oup . modified walbumins are coupled , 

aldehyde or acyl hydrazide group*, the O ldeh,oe a y ^ compriS e an 

oligonucleotide (of 16 bases) denvat.zed at the 5 carbon 0 t tne ^ reaction of 

P0 1 )(CH 2 ) 1 ,(CO)(NH)(CHO), with a free a deh yde , grou* K P Qup modified t0 a gr0 up of 
his o.,go,ucleotide with biot.n hydraz.de <•*•. *ot.n ^T^Lze* * wilh groups of formula -<C0)- 
formula -(CO)(NH)<NH 2 )) and with ^*>™^ ™^ * mked t o b.otin and the latex microspheres. 
(NH )(NH 2 ), whereby the oligonucleot.de becomes c^lently ' \ .nked cyanoborohyd r,de reduction 

respectively, by a linker which composes ^^^^ZlLe of *• hydraz.de. Kremsky et a... 
of an intermediate wherein the linker composes an hydrazone ^ p jn a feactjon 

supra, suggest that the linker with an hydrazone group ^^^^^..on between an aldehyde 
be^een an aldehyde group and an ^ m ^^^^ZL^cl nydrazone to hydraz.de. 
and an hydrazino requ.res the presence of ^^^^^^cleotide in the biotin-derivatized and latex 

~ ZZSEXXZ group, hybndizes to a nude.c acd 

acid covalently joined, from the 5 -carbon of the 5 -term.na, nucteot.de to ^ ^ 

nybr.d.zat.on assays, where.n a direct detection system ,s ^^. ^ nucleic acid . wh.ch is an 

a Further, in another aspect, the invention enta.ls a nove ^ s ngle tra ^ at ^ 

,ntermed,ate for prepar.ng a nucle.c acd probe accord mg to tt e fQrmula . NH(NH2 ,. 

5 -carbon of the s'-«erm,nal nucleotide. eLent method for mak.ng a 

Still further, the invention entails a surpnsmyty y y 



EP 0 361 7bti PU. 



10 



15 



• ♦ r,.,^jJ^^Bd accordina to the invention with a 
ent.on which comprises reacting a nucleoid accoraing 
■ ~h haw* a frpe aldehvde qroup. of formula • CU)H. 

catalytically active enzyme that ,s der.vat.zed to have f \ Qrmoal nucteotlde of the nucleic 

The probes according to the invent.on. where.n the l.nker « however , the 

acid and the enzyme compr.ses an hydrazine are n £ , in ker between the 

■nvention entails a method for mak.ng a probe according '^"^^ stable hydraz ,de group. 
,erm,na. nudeot.de of the nucle.c ac.d and **"^™%Z£ £^ t0 the inve nt,on. where.n ,he 
which method comprises reduc.ng ,n ,ts unexpected specific 

— ** - on,y — that is 

S ^t^1^"^ ^enzy.amidobenzaldehyde and nucle.c acd probes 
derived with that compound and ^^.4^^e^hyde a 

n UC :,c^^ 



formula I 

-<P0 3 )NH(Ri )N = CH(R 2 )(CO)- 
and formula II 
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« (NH)(CO)<Ri , ,(C0„ 7 . wherein Ri , ,= , % ^ ™ 

35 group consisting of alkylene of 1 to 20 carb.n atoms and arylene of formula: 



40 




r-u5^^ 

"d elyme is a glycoprotein that has been oxidized by tr -nent with t"^:^^^ "* 
and said enzyme are linked by a linker of a for, ula selected from the group consisting of formula IX 

50 -(P0 3 )NH(Ri)N= IX 
and formula X 

whfrelnRrslterted from the group consisting of a bond between the n.trogens. (NH)(CO)(NH). 
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and (NHXCOXR, , )(CO)(NH). where.n R, , is a bond between the carbons of the (CO) groups or alkylene , of 
ana (NnKounm.no " ' „ □ o a and r,= are the same or different and each is selected 
! to ,0 carbon atoms and where.n R, 2 , fln . Ri . aret where|n ^ grQup |S 

Zde' to^s'^b of ZTSJSXi n°uc,e,c acd; and where, the -N = at the nght-hand side 
ormula !x and the nitrogen of the -NH- group at the right-hand side of formu, , X are bondec no » ca «*on 
of a sugar residue of the enzyme, that was the carbon of a carbonyl group formed m the treatment of the 

"Tttmlo^'pect. the present invention encompasses a single-stranded nuc,e,c acd which is an 
intermediate for making a nucleic acid probe for detecting a target segment, compnses a segment of at 
1^ 20 nucleotides in the sequence complementary to that of said target segment, and ., denvat.zed w,«h 
a moiety of a formula XIV 

-{P0 3 )(NH)<Ri)NH 2 XiV tf ,MuwrnvNH\ 

wherein Ri is selected from the group consisting of a bond between the n.trogens, (NH)(CO)(NH). 
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and (NHXCOXR,. XCOMNH). wherein Ri 1 is a bond between the carbons of the (CO) groups or alkylene of 
1 to 10 carbon atoms 'and wherein R 12 . R, 3 . R,. and R„ are the same or different and each .s selected 
from the group consisting of hydrogen and alkyl of 1 to 3 carbon atoms; and wherein the -(PO,)- group is 
bonded to the 5'-carbon of the 5'-nucleotide of the nucleic acid. 

In a still further aspect, the invention entails a method of making a nucleic acid probe which compnses 
a single-stranded nucleic acid and a catalytically active enzyme, wherein said nucle.c acd compnses a 
segment of at least 20 nucleotides in the sequence complementary to the sequence of the target segment 
of said probe; wherein said nucleic acid and said enzyme are linked by a linker of formula I: 

.<P0 3 )NH(R,)N = CH(R 2 )(CO)- | , hlU wrv™wm 
wherein R is selected from the group consisting of a bond between the nitrogens, (NH)(CO)(NH), 




and (NHXCOXR, ,)(CO)(NH), wherein R„ is a bond between the carbons of the (CO) groups or alkylene of 
1 to 10 carbon atoms and wherein R, 2 , R,,, R,* and R,s are the same or different and each ,s selected 
from the group consist.ng of hydrogen and alkyl of 1 to 3 carbon atoms: wherein R 2 is selected from the 
group consisting of alkylene of 1 to 20 carbon atoms or arylene of formula: 
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k tho /PCM- aroup is bonded to the 5'-carbon of 
wherein is Xylene of 0 to 10 carbon atoms; where n the ^J^J gmjp at the nght . hand side of 
the 5'-nucleotide of the nucleic ac.d; and where.r me method compnses reacting. 

figure , is bonded to *e nitrogen of a - a-n o^^^ g (pre<erab|y 70 t0 , 0) a s,ngj 
'i^S^r: JrSTi 1* sC^ence as that of the nucle.c acd probe and ,s derivat.zed 



with a moiety of a formula XIV 



rs 



20 



-<P0 3 )(NH)<R,)NH 2 XIV 5'. carb on of the s'-nudeotide. with a catalytically act.ve 

wherein the -(PO,)- group « Jonde M m0(6ty of formula XV... 
enzyme, which is denvatized at a tree ammo y.u y 

(CHO)(R 2 )(CO)- XVI". h d , making a nucleic acid probe which 

in another aspect the .nvent.cn further enta wherein said nuc .eic ac.d 

R 12 R l 3 



25 




-n / ;n- 




30 R 14 «15 



. s^SS ^rrrs rjsstt 

bonded to the 5-carbon of the 5 -nuc.eot.de of the n ^c*c£™* of a carbonyl 

of formu.a IX is bonded to a carbon, of a sugar re » d « ^ en ^JS»d comprises reacting, in an 
group formed in the treatment of the enzyme ^ P«"«£j wh ' h fera 6 0 tQ a . 0) , a sin g,e-stranded 

moiety of a formula XIV 

-(P0 3 )(NH)(R,)NH 2 XIV - s '. c . rbon of ^ s'-nucleotide. with said ca' Jytically active 

wherein the -(PCb)- group is bonded to the 5 carDon 

enzyme. , me thod of making a first nucleic acid probe which 

in still another aspect, the .nvent.cn e " c °^f SS " ^ en2 9 yme , w here.n sa,d nucleic acid 

comprises a sing.e-stranded nucleic acd and a cata.y '"^ *f .J^ t0 the sequence of the 
compnses a segment of at least 20 ^^^^^^^^ are Led by a first linker of 
target segment of said probe; wherein said nucleic acd and said zyme 

formula II: 

50 -(P0 3 )NH(R 1 )NH(CH 2 )(R2){CO)- II 
or formula XXIX 

9reuP - > — «— « 1NH • <C0,INH, ' 
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, _ ■ o a hnnd between the carbons of the (CO) groups or alkylene of 
and (NHXCOMR. , ><CO)<NH). wherein Ri , _s a bond between ^ ^ ^ ^ j$ 

1 to 10 carbon atoms and wherein R, 2 . R.a. R . an a ,5 Rj |s se|ected frQm the 

from the group cons.sting of hydrogen and alkyl of 1 to 3 carDon *° 

gLp consisting of alkylene of 1 to 20 carbon atoms and arylene of formula. 



40 



45 



R 21 - 



50 



.her.ir, R,, is o, 0 to ,0 c.rboh atoms; a„d >^°* ^£^1.".^^ 

of the s'-nucleotid. 01 the nucleic acid; provided K he a „, 
coon of .he -(CO.- group at the right-hand s.de of » ™.a s '° a CMly „ c all, active 

enzyme; ahd provided further that, it the formula ot sa.d f.rs. I nk er ,, formu a XX ' „ me 

» • and has "«2 id^rthe enzyme. L was the 

nghfhand s,de of said formula ,s bonded . to . carbon. O S, ^ ^ 

second linker of formula I 
-<P0 3 )NH(R. )N = CH(R 2 )(CO)- I 
or formula IX 

Z$£T£** .inter, provided that, if said first .inker is of formu, ..said second .inker is of formula .. 
and. if said first linker is of formula XXIX. said second .inker ,s of ^™*J*. hvbrjdi2ation assay for a 

,n yet a further aspect, the invention ^~^^J^^jS^^ -/uence. 
nucleic acid analyte, which compr.ses a target segment o I at leas : ZC ' n ^ e0 , c acid analyte 

wherein the improvement comprises employing as the nucleic ac d probe for detect ng u 
in said assay a probe which comprises a single-stranded nu ; to "^"^^^ p Uer«^ to the 
wherein the nucleic acid of the probe comprises a segment w,th nee comp e y 
sequence of said target segment; wherein said nucleic acid and sa.d enzyme are Dy 
formula selected from the group consisting of formula I 
-(P03)NH(R,)N = CH(R 2 )(CO)- I 
formula I. 

-<P03)NH(R,)NH(CH 2 )(R 2 )(CO)- » 
formula IX 

-<POg)NH(Ri)N = IX 
and formula X 

from the group consisting of a bond between the nitrogens. (NH)(CO)(NH). 
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h /mmvpomR MCOKNH) where,n R, , is a bond between the carbons of the (CO) groups or alkylene of 
and (NH)(CO)(R, ,)(CO)(NH). wnere.n n, , different and each is selected 

, to 10 carbon atoms and wherem R, 2 ■ R - R ; f d *<> clVon !Ls: where.n R, ,s selected from the 

from the group consist.ng of hydrogen and alkyl of 1 to o caroo 

group cons.st,ng of alkylene of 1 to 20 carbon atoms and arylene of formula. 



carbonvl qroup formed in the treatment of the enzyme with penodate. 

further then .nvention entails the compound 4-N -benzy.amidobezaldehyde. of formula XXII 
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XXIII 

-{P03)(NH)(Ri)N=CH(R 3 ) XXIII 
or formula XXIV 

r. ?™".fon"!„ incl.cs <h e u» ol a proc, of the invention 0, nucleic acid 0. tt* ,n«n,,on , , a 

hybridization assay or in making a probe, respectively. - in riirprt 
" Reference herein to a "probe of the invention." without qualification that the probe -s an indirect 
orobe " is to a probe of the invention that comprises an catalytically act.ve enzyme. 

As sed he^n. "nucleic acd" means a DNA or an RNA. un.ess the context in ^J^-'^ 
limits its meaning to only one of the two. Similarly, "polynucleot.de" and ol.gor, eo 
acid of at leas. 8 nucleotides in length, unless the context in which the terms are used . hmrts the ™anmgs 
to only one of a DNA and RNA. "Nucleotide" means a ribonucleot.de or a 2 ^ n ^" c ^'- h SJ;! 
the context in wh.ch the term is used limits its mean.ng to only one of the two. Reference to 5 -nucleot.de 
of a single-stranded nucle.c acd is to the nucleot.de at the 5 -end of the nucleic acd 

The nude.c acds of the invent.on and the nuc.e.c acd components of the nucleic acd probes of the 
invention are preferably DNAs. More preferably, they are DMAs that are oligonucleotides that . ca be 
proved readily in pure form in significant quantities by automated, stepwise, sol.d-phase synthetic 
mpthods i e ud to about 150 nucleotides in length. 

A "nucfelc acd analyte" means a nucleic acd (s.ngle-stranded or double-stranded, whose presence in 
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a samole is assayed for inTnucieic acid probe hybridization assay. A nucleic acid analyte comprises a 
LaTsfra de ^ "target segment." to wh.ch a nucle,c acid probe, that is intended to be used to detect the 
anatte T ^ a nuc,e!c aci p-be hybridization assay, hybridizes by complementary base-pa,r,ng. Thus, the 
nuc e c led componen o, a nucleic acid probe comprises a segment (referred to herein as the , "hybridizing 
seZeX^a sele.ee such that, under the stringency conditions employed in the hybr.dizat.ons and 
washes o7 he hybridization assay in which the probe ,s to be employed, the hybr,d,z,ng segment w, 
ZtnZ with a specificity deemed to be acceptable for the assay, to a target segment of the analyte of 
the assay (if such analyte happens to be present in a sample on wh.ch an assay ,s earned outl The 
sequence of the hybridizing segment of the nucleic acid component of a nucleic ac,d probe , ,s ^ewrm-ned 
by the sequence of the target segment of the nucleic acid analyte. wh,ch the probe ,s used to detect. To 
m a rm,ze specmaty of a nucleic ac.d probe for its pre-selected analyte in hybridization assays, the 
seq^ce of the nybridizing segment of the nucle,c acid component of the probe w,„ be comple-en ary to 
the sequence of the target segment. Also, to maximize such specificity, the target segment of analyte ,s 
pre-selecL according to sequence to attempt to assure that hybridizat.on of nucleic acid probe to target 
segment in an assay occurs detectab.y if and only if analyte is present m the sample being assayed Thus 
a target segment will always be at least about 8 nucleotides in length and more prefereably at leas : about 
20 nucleotides and less than about 50 nucleotides in length. Further, preferably, in a nucle.c ac.d or nude c 
acid component of a probe according to the present invention, the "hybridiz.ng segment, ,n add-on to 
be,ng complementary in sequence to that of the corresponding, pre-selected target segment, w.H be 
coincident with the whole nucleic acid, i.e.. the sequence of the nucle.c acd will consist of the sequence of 
the hybridizing segment wh,ch, in turn, will be complementary to the sequence of the corresponding, pre- 

S8l T^Sticati? m «ti t ve enzyme" is an enzyme which, in a probe according to the invention retains the 
ability to catalyze a reaction, which the enzyme catalyzes when not a part of such a probe . Preferab ly a 
catalytically active enzyme in a probe according to the invention reta.ns at least about 50 % of the act v,ty 
of the free, unmodified enzyme. For those of ordinary skill, it is straighforward to measure the act.v, y of an 
enzyme in a probe according to the invention to ascertain whether it is catalytically active. Essentially, such 
a measurement is carried out on the probe in the same way that it is carried out on free, unmodified 
enzyme, for wh.ch. by definition, a catalyzed reaction and how to measure the catalyt.c activity of the 
enzyme in such reaction will be known. For an enzyme in a probe according to the invention to reta.n ,ts 
catalytic activity, it is necessary that the enzyme retain its catalytic activity, after modificat.on to have, or be 
covalently joined to, one or more free aldehyde groups but before being covalently joined to the nucleic 

acid component of the probe. . . 

Preferred among the enzymes which can be employed as part of a probe according to the invention are 
enzymes which catalyze reactions that yield products that are easily detectable, most preferably spec- 
trophotometrically (e.g., by measurement of fluorescence emission or light absorbtion) or by simple visual 
observation. Thus., enzymes are preferred that catalyze chromogemc reactions, which yield, from sub- 
strates that have little or no absorbtivity in the visible range of wavelengths of light, products that are 
intensely colored, by virtue of intense flourescence emission or high absorbtivity at a wavelength .n the 
visible range of wavelengths. Many such enzymes are known that are suitable for use as the enzyme 
components in probes according to the invention. These include phosphatases, such as calf intestine 
alkaline phosphatase. E. coli alkaline phosphatase, and potatoe acid phosphatase; peroxidases, such as 
horseradish peroxidase and bovine milk lactoperoxidase; luciferases. such as those from Photobactenum 
fischeri or firefly: ureases, such as that from jack bean; carbonic anhydrases. such as that from mammalian 
(eg bovine) erythrocytes; beta-galactos.dases, such as those from E. coli and Aspergillus oryzae. and 
oxidases, such as glucose oxidase from Aspergillus niger and alcohol oxidase from Pichia pastons. Most 
preferred among the enzymes suitable for use as the enzyme component in a probe according to the 
invention are calf intestine alkaline phosphatase and horseradish peroxidase; among these two, the alkal.ne 
phosphatase is the more preferred. 

Reference herein to a "free amino group" of an enzyme or other protein means an unmod.fied eps.lon 
amino group of a lysine of the enzyme or other protein or the unmodified amino-terminal ammo group of 
the enzyme or other protein (or a subunit of the enzyme or protein, if it has more than one subunit). 

Reference herein to a "linker comprising an hydrazone group" or a "linker moiety comprising an 
hydrazone group" means a moiety which links the 5 -carbon of the 5 -terminal nucleotide of a nucleic acid 
to an enzyme molecule, a 2.4-dinitrophenyl group or a 4-N-benzylamidophenyl group and which includes a 
group of formula -<NH)N = CH-, wherein the carbon is (A) covalently joined to the enzyme by a group of 

formula XX 
-(R2MCO)- XX 
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wherein R 2 is selects^^om the group consisting of alkylene of^Bro 20 carbon atoms and arylene of 
formula: 



wherein R 2 1 is alkylene of 0 to 10 carbon atoms and wherein the carbonyf group is bonded, as part of an 
amide group, to a nitrogen that is the nitrogen of a group that was a free amino group of the enzyme, (B) is 
a carbon of a sugar residue of the enzyme, that was the carbon of a carbonyl group formed in the treatment 
of the enzyme with periodate, or (C) is covalently joined to a 2,4-dinitrophenyl group or 4-N -ben- 
zyiamidophenyl group. 

Reference herein to a "linker comprising an hydrazide group" or a "linker moiety comprising an 
hydrazide group" means a moiety which finks the 5 -carbon of the 5 -terminal nucleotide of a nucleic actd 
to an enzyme molecule, a 2.4-dinitrophenyf group or a 4-N,-benzylamidophenyl group and which includes a 
group of formula -<NH)(NH)(CH 2 )-. wherein the carbon is (A) covalently joined to the enzyme by a group of 
formula XX 
-(R2XCO)- XX 

wherein R 2 is selected from the group consisting of alkylene of 1 to 20 carbon atoms and arylene of 
formula: 




wherein R 2 - is alkylene of 0 to 10 carbon atoms and wherein the carbonyf group is bonded, as part of an 
amide group, to a nitrogen that is the nitrogen of a group that was a free ammo group of the enzyme, (B) is 
a carbon of a sugar residue of the enzyme, that was the carbon of a carbonyl group formed in the treatment 
of the enzyme with periodate^ or (C) is covalently joined to a 2,4-dinitrophenyl group or 4-N -ben- 
zylamidophenyl group. A probe of the invention (including an indirect probe) with a "linker comprising an 
hydrazide group" joining the nucleic acid and enzyme (or 2,4-dinitrophenyl or 4-N-benzylamidophenyl) is 
made by reduction with cyanoborohydride of a probe according to the invention which is the same but for 
having an hydrazone group in place of the hydrazide group in the linker. 

A nucleic acid of the invention, which is single-stranded, an intermediate for making a probe (including 
an indirect probe) according to the invention and derivatized at the 5 -carbon of the 5 -terminal nucleotide 
with a moiety of formula XIV ~ 
-(P0 3 )<NH)<R,)NH 2 XIV 

wherein R, selected from the group consisting of a bond between the nitrogens, (NH)(CO)(NH), 




R 14 R 15 



and (NH)(CO)(Ri i)(CO)(NH), wherein R M is a bond between the carbons of the (CO) groups or alkylene of 
1 to 10 carbon atoms and wherein R t2i R 13 , R 1A and R15 are the same or different and each is selected 
from the group consisting of hydrogen and alky) of 1 to 3 carbon atoms; and wherein the -(PO3)- group is 
bonded to the 5 -carbon of the 5 -nucleotide of the nucleic acid, is prepared as follows: First, the sequence 
of the nucleic acid is determined with reference to the target segment to which the probe, which is to be 
made with the nucleic acid, is to hybridize in nucleic acid probe hybridization assays; the nucleic acid will 
comprise a segment with the sequence complementary to that of said target segment. Nucleic acids 
according to the invention preferably consist of a segment complementary in sequence to that of the 
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corresponding target segment (i.e.. have the same number of bases as the target segment in the sequence 
complementary to that of the target segment) and have 20 - 50 bases. 

Once the sequence of a nucleic ac.d according to the invention has been determined, an unmodified 
nucle.c acid with the sequence is prepared by any of numerous methods known .n the art. Thus, for 

5 example, a bacteriophage, such as M13 or Q-beta. which has a single-stranded genome, can be prepared 
to have a genome which comprises a segment with the sequence complementary to the pre-selected target 
segment sequence, the genome of such phage can be isolated and, if closed c.rcular, linearized by 
sonication which fragments the genome into fragments with an average size larger than that of the segmen 
with the sequence complementary to that of the target segment. RNA which comprises a segment of 

10 defined sequence can be provided in vitro by run-off transcription from a promoter of. e.g.. a bactenphage 
DNA-dependent RNA polymerase such as the T7. SP6 or T3 RNA polymerase, of a DNA with a segment 
which has the sequence complementary to that desired for the RNA. More preferably, however, the 
unmodified nucleic acid of desired sequence will be synthes.zed by any of numerous solid-phase methods 
known in the art, such as the well known cyanoethyl phosphoram,d>te method, coupled with any standard 

,s chromatographic technique to isolate the desired nucleic acid from the mixture that results from such 
syntheses- preferably the synthesis will be carried using an automated nucleic acid synthesizer. 

Once the desired, unmodified nucleic ac.d has been obtained, it is treated to be phosphorylated with 
monophosphate at the 5'-terminus. unless it had been so phosphorylated in the course of being prepared. 
With nucleic acid obtained from a solid phase synthetic technique, which has an hydroxyl group bonded to 

20 the 5'-carbon of the 5'-terminal nucleotide, the 5'-phosphorylation can be accomplished by kinasing with 
ATP and T4 polynucleotide kinase, as well known in the art. See Maniatis et al. Molecular Clon.ng: a 
Laboratory Manual, Cold Spring Harbor laboratory Press. Cold Spring Harbor. New York (1982). After the 
kinasing oligonucleotide is separated from unreacted ATP, pyrophosphate and enzyme by any standard 
technique A preferred technique, referred to herein as "LiCI/ethanol precipitation." is carried out as follows: 

25 To 1 volume of the aqueous reaction mixture are added 3 volumes of absolute ethanol and 0.1 volume of 8 
M LiCI to bring the LiCI concentration to about 0.2 M. The solution with LiCI is then cooled to -70 C to 
precipitate the nucleic acid. The solution is then centrifuged to pellet the nucleic acid and the supernatant is 
removed and discarded. 

The resulting nucleic acid, including the 5'-phosphorylated. is then treated by a method adapted from 
30 that described by Chu et al.. Nucl. Acids Res. 1 1 , 6513 - 6529 (1983). employ.ng a dihydrazide. of formula 
XV 

H 2 N(R,)NH 2 XV 

wherein Rt is selected from the group consisting of a bond between the nitrogens, (NH)(CO)(NH). 
35 R 12 , R 13 
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-N N- , 

w 

R 14 R 15 

and (NH)(CO)(Rn)(CO)(NH), wherein Ri t is a bond between the carbons of the (CO) groups or aikylene of 
1 to 10 carbon atoms and wherein R, 2l R, 3 . Ru and R, 5 are the same or different and each is selected 
from the group consisting of hydrogen and alkyl of 1 to 3 carbon atoms, in place of the dialkyiamine 
employed in the method described by Chu et al. (1983), supra, to make the nucleic acid according to the 
invention. 

Briefly, the s'-phosphorylated nucleic acid is converted to the c phosphorimidazolide nucleic acid by 
treatment of the nucleic acid from the kinasing reaction with aqueous imidazole or methylimidazole (at 
about 0.05 M to 0.25 M) in the presence of a water soluble carbodiimide coupling agent, such as 1-ethyi-3- 
<3-dimethylaminopropyl)-carbodiimide ("EDC") or N-cyclohexyl-N'-2-(4'-methyl-morpholinium)ethyl car- 
bodiimide p-toluene sulfonate (also at about 0.05 M to about 0.25 M), at pH 5.5 - 6.8 and room temperature 
for 30 minutes to 2 hours. Preferred reaction conditions are about 0.1 M imidazole, about 0.15 M 
carbodiimide, pH 6.0, for 90 minutes. Oligonucleotide is then separated from other reagents and products 
by a standard technique for oligonucleotide isolation, of which one LiCl/ethanoi precipitation is prefered. 

To make the nucleic acid according to the invention, the mixture of nucleic acids, including the 5 - 
phosporimidazolide. is taken up in an aqueous solution of a dihydrazide of formula XV, at between about 
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0» « and 0, *. . PH ?r .- : ^ r , r ^ ~ » ~ 

"'tf n"Jc ac,d S o. ,ne ,n»en»„ a,. u s e , ul a s in,er m edi,„s to, ^9 P™b« according » tne 
in„ent,on (including ,na,, e c t p,obe S |. as descwea furtner be^ s'.pnospnonm.dazo.de 

g^'io to the en" me occurs detectably only at the nitrogen of the -NH 2 group of the ^-c go 
of the nucleic acid of the invention. Further, a probe of the ■nvent.on because oft* ^en^e ^ « S J™ 
from the sizes of the various oligonucleotides and derivatives thereof. >s eas.ly separated from ""reacted 
ongonuJeo des and derivatives by s,mple s,ze-exc,us,on (e.g.. gel permeation) 

assure that probe of the invention is isolated from oligonucleotide and oligonucleotide-denyat ve con 
t^ants, advantageously all that ,s required ,s a size-based separation step after the reaction of a.dehyde- 
group-derivatrized enzyme with hydrazino-group-derivatized nucleic ac.d of the invent >on. 

With indirect probes of the invention, a simple HPLC step will separate probe from the other nucleic 
acid^ivates and low molecular we.ght compounds that occur during the synthesis and are not removed 

,P ^^ToSrl^enzyme. for use in making a probe according to the invention, can be made 
following K?ng 9 et ar, supra. Thus, the enzyme ,s dissolved ,n an aqueous solution buffe -^ta pH bet.ee 
about 7 5 and about 9.0 (preferably about 8.5), to a concentration of typically about 10 uM to about 100 
uM To the enzyme so.uL is added, usually in a dry organic solvent such as acetonitnle , anc 1. t a 
concentration in *e organic solvent between about 100 and about 1000 times greater than that of the 
enzyme n the enzyme solution, a 1-fold to 1000-fold (preferably 7 5-fo.d to 70-fold, most preferabh, about 
50-70 fold) molar excess (relative to the amount of enzyme in the enzyme solution) of an activated ester 
(e.g.. N-hydroxysuccinimide ester) of a compound of formula XVI 

whe^^Jselecte^from the group consisting of alkylene of 1 to 20 carbon atoms and arylene of 
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formula: 




wherein R a , is alkylene of 0 to 10 carbon atoms. ("Alkylene of 0 carbon atoms mean that R 2 , « amply 
part of the bond from the phenyl group to the carboxylate group of the compound of ormu a XVI) _The 
reaction of the activated ester with free amino grou P (s) of the enzyme is r~,^r! 
minutes to about an hour at a temperature between about 4 C and about 30 C. Finally, excess reagent 
and low molecular weight products of the reaction are removed from the enzyme by dialysis, at about . u 
to about 10 * C. of the reaction solution against an aqueous buffer, preferably one. at a ph between about 
pH 7 and pH 9. that is suitable for the conjugation reaction in which probe is made by reaction of 
hvdrazmo-group-derivatized oligonucleotide with the aldehyde-group-derivatized enzyme. In this regard, 
preferred buffering agents will be non-nucleophilic; among these are sulfonated buffering agents weM known 
in the art such as MOPS. PIPES (piperazine -N.N -bis(2-ethane sulfonic acid)). HEPES (N-* 
hydroxyethylpiperazine-N'-2-ethanesulfon,c acid), and HEPPS (N-2-h y droxyethyl P iperaz,ne-N-2-propanesul- 
fonic acid) and the like. Preferably, prior to the dialysis, the reaction continues for about 30 minutes at room 
temperature N-hydroxysuccinimido esters are preferred. 

In the most preferred activated ester. R 2 is p-phenylene (i.e., R 2 , in formula XVI is 0 carbon atoms). 
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If the enzyme is a glycoprotein, it can be modified to have free aldehyde groups by an alternate 
procedure involving oxidation of sugar mo.eties of the glycoprotein. In particular, such an enzyme can be 
oxidized >n aqueous solution with periodate whereupon aldehyde groups are formed at vicinal hydroxyiated 
carbons of the sugar mo.eties, via the Malaprade reaction. Thus, employing an alkali metal salt of IO* - 

s (preferably the Na salt), an aqueous solution of the enzyme, at a concentration between about 1 uM and 
about 100 uM (preferably about 50 uM) and a pH of between about 5 and about 8 (preferably in distilled 
water and at a pH of about 6 to about 7), is combined with an aqueous solution of the ICU salt to provide 
an initial concentration of IO." in the combined solutions of between about 10 mM and 100 mM (preferably 
about 500 times to about 1000 times the concentration of the enzyme). The oxidation reaction is allowed to 

to proceed for about 10 minutes to about an hour at between about 4 " C and 30 C (preferably about 20 
minutes at room termperature) and, finally, excess periodate and low molecular weight products of the 
oxtdation reaction are removed from the enzyme by dialysis against an aqueous buffer at a pH of between 
about 4 and about 8 and a temperature of between about 0 ' C and about 30 C. In a preferred procedure, 
a first dialysis is earned out at about 4 * C against a buffer at a pH of about 4 to about 5 (e.g., sodium 

rs acetate buffer, pH 4.5) and then a second dialysis is earned out. also at about 4 C, to change the enzyme 
solution to that in which the conjugation reaction with hydrazmo-group-denvatized nucleic acid is to be 
carried out with the enzyme (i.e.. a solution buffered to a pH of about 7 to about 9 with a preferably non- 
nucleophilic, sulfonated buffering agent such as MOPS, PIPES. HEPES or HEPPS). 

Many enzymes made by eukaryotic organisms are glycosylated and can be oxidized as described 

20 above with periodate to have free aldehyde groups while maintaining their catalytic activity. Especially 
noteworthy among these enzymes are eukaryotic peroxidases, such as horseradish peroxidase and 
mammalian milk lactoperoxidases. 

For a glycosylated enzyme, which can be derivatized to have free aldehyde groups either by reaction 
with an activated ester of a compond with an aldehyde or by oxidation with periodate, it appears that 

25 catalytic activity is reduced significantly less when the derealization is with an activated ester than when it 
is with periodate oxidation. On the other hand, it appears that the activated ester-derivatized enzyme 
couples somewhat less efficiently than the penodate-oxidized enzyme with hydrazino-group-denvatized 
nucleic acid in the conjugation reaction to make a probe according to the invention. 

Because of the surprising specificity of the free hydrazmo group of a nucleic acid according to the 

30 invention for the free aldehyde group(s) on an enzyme derivatized with an activated ester of a compound 
with an aldehyde group or with periodate oxidation and the surprising specificity of such free aldehyde 
group(s) on the enzyme for the free hydrazino group of the nucleic acid, it is advantageously not necessary, 
prior to conjugation reaction with hydrazmo-group-derivatized nucleic acid, to separate enzyme that is 
modified to have free aldehyde group(s) from enzyme that is not so modified in the reaction with the 

35 activated ester or periodate. 

A probe according to the invention, wherein the linker moiety, which joins the 5 -carbon of the 5 - 
nucleotide of the nucleic acid with the enzyme, comprises an hydrazone group is made by simply reacting, 
for about 0.5 hours to about 48 hours at a temperature between about 4 * C and about 35 C (preferably 
about 16 hours at room temperature), in an aqueous solution buffered (preferably, jwith a non-nudeophilic 

40 buffering agent such as a sulfonated buffering agent such as MOPS, PIPES,; HEPES j)f HEPPS or the like) 
to a pH between about 5 to about 9 (preferably about 7 to about 8), the^ucieic acid according to the 
invention, wherein the nucleic acid is the nucleic acid component of the probe, with the enzyme, which is 
the enzyme component of the probe and has been derivatized to have a free aldehyde group. Free 
aidehyde-group-derivatized enzyme reactant will be present initially in the solution at between about 10 uM 

45 to about 100 uM concentration (preferably about 25 uM to about 75 uM) and at a molar excess, relative to 
hydrazino-group-derivatized nucleic acid of the invention, of about 1 x (i.e., equimolar) to about 10 x. 

The conjugation reaction provides probe with hydrazone group-containing tinker betweeen nucleic acid 
and enzyme or, in the case of indirect probe, 2.4-dinitrophenyl and 4-N-benzylamidophenyl. in surprisingly 
high yield, particularly in view of the teaching of Kremsky et al., supra, that stable hydrazone-contatning 

so linkers would not form in the reaction and that cyanoborohydnde reducing agent would need to be present 
in the conjugation reaction mixture to achieve significant coupling between nucleic acid and enzyme or 2,4- 
dinitrophenyl or 4-N -benzylamidophenyl. 

The conjugation reaction is terminated and probe according to the invention and unreacted enzyme are 
separated from unreacted nucleic acid by size exclusion chromatography (e.g., gel filtration chromatog- 

55 raphy) at about 0 * C to about 10 * C (preferably 4 * C) using a buffer at a pH of about 7.5 to about 9.5 
(e.g., 0.05 M Tris, pH 8.5) as eluant. Many materials suitable as matrices for size exclusion chromatography 
of proteins and nucleic acids are known in the art and are suitable for separating probe and unreacted 
enzyme from unreacted nucleic acid. As the skiiled will understand, the material employed will depend in 
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part on the molecular we^^Jof the enzyme and nucleic acid compc^J^ of the probe according to the 
invention, because the material must separate probe and unreacted enzyme from unreacted nucleic acid 
primarily on the basis of molecular weight differences. With respect to gel filtration chromatography with 
probes wherein calf intestine alkaline phosphatase is the enzyme and an oligonucleotides of fewer than 
5 about 150 bases is the nucleic acid component, a suitable material for a matrix for gel filtration 
chromatography is BioRad P-100, available from BioRad Laboratories, Inc.. Richmond, California, USA. 
Similarly. Sephadex G-75. from Pharmacia, Inc., Piscataway. New Jersey, USA, is a suitable material for gel 
filtration separation from unreacted oligonucleotide of horseradish peroxidase and probes wherein hor- 
seradish peroxidase is the enzyme and an oligonucleotide of fewer than about 100 bases is the nucleic acid 
to component. 

Following the size exclusion chromatography to separate probe and unreacted enzyme from unreacted 
oligonucleotide, probe is resolved cleanly from unreacted enzyme by a chromatographic step wherein 
separation is based on charge. At basic pH's (e.g.. about 7.5 to about 9.5, preferably about 8 to about 9). a 
probe according to the invention will be significantly more negatively charged than the unreacted enzyme 

75 that is combined with probe after the size exclusion chromatography step. Thus, for example, ion exchange 
chromatography can be employed to separate probe from unreacted enzyme. Again, the skilled will be 
aware of many resins suitable for ion exchange chromatographic separation of probe from unreacted 
enzyme and, for a given resin, enzyme and nucleic acid combination, will be capable easily of determining 
washing conditions suitable for separating unreacted enzyme from probe. Chromatography over DEAE 

20 cellulose (e.g., DE-52 from Whatman. Inc., Clifton, New Jersey, USA) using buffer at pH 8.5 (e.g.. 0.1 M 
Tris) and first a wash with a gradient of increasing NaCI concentration (0 to 0.2 M NaCI) in the Tris buffer 
followed by washes with step-wise increasing NaCI concentration (e.g., 0.2 M, 0.5 M) in the Tris buffer has 
been found to be especially effective in simply and cleanly separating probe from unreacted enzyme, when 
the enzyme is calf intestine alkaline phosphatase. Similarly, DE-52 resin with 0.1 M Tris, pH 8.5, and 

25 washes of the Tris buffer with 0 M NaCI, 0.1 M NaCI and 0.2 M NaCI eluted unreacted horseradish 
peroxidase while a subsequent wash with the buffer with 0.5 M NaCI eluted probe, wherein the enzyme 
component was horseradish peroxidase. 

It has also been possible, using DEAE cellulose in ion exchange chromatography with 0.1 M Tris. pH 
8.5, as buffer and washes at step-wise increasing concentrations of NaCI to separate species of probe 

30 according to the invention wherein the numbers of nucleic acids per enzyme molecule differ, with the ratio 
of nucleic acid to enzyme increasing with increasing concentration of NaCI in the buffer used to elute the 
probe from the DEAE cellulose. Thus, for example, as described in more detail in the examples that follow, 
a "low salt" probe, wherein the ratio of nucleic acid to enzyme is 1:1 and which eluted from the DEAE 
cellulose at pH 8.5, 0.1 M Tris, 0.2 M NaCI, has been resolved from an "high salt" probe, wherein the ratio 

35 of nucleic acid to enzyme is 2:1 and which eluted from the DEAE cellulose at pH 8.5, 0.1 fv. Tris, 0.5 M 
NaCI, with probes wherein the nucleic acid component has about 30 bases and wherein the enzyme 
component is calf intestine alkaline phosphatase. The ratio of 2:1 to 1:1 probe made in the conjugation 
reaction between enzyme and nucleic acid depends on the number of free aldehyde groups joined to the 
enzyme employed in that reaction (with more aldehyde groups per enzyme molecule favoring an higher 

40 fraction of 2:1 probe) and the ratio of the concentration of aidehyde-group-derivatized enzyme to hydrazino- 
group-derivatized nucieic acid employed in the reaction (with a higher ratio favoring a lower fraction of 2:1 
probe). Apparently also the G-C content of the nucleic acid influences the ratio of 2:1 to 1:1 probe, as 
oligonucleotides with a G-C content above about 45 % tend to yield a greater proportion of probe as 2:1 
probe than oligonucleotides with lower G-C content. 

45 It appears that, at least in nucleic acid probe hybridization assays carried out on filters (e.g., with dot 
blots, in Southern hybridizations), the sensitivity of 2:1 probe is essentially the same as that of 1:1 probe. 

Probe of the invention, including indirect probe, wherein the linker joining enzyme and nucleic acid 
comprises an hydrazone group is very stable and reduction of the hydrazone group to an hydrazide group 
is not necessary to assure sufficient stability. However, if desired, probe of the invention, including indirect 

so probe, wherein the linker joining enzyme and nucleic acid comprises an hydrazide group can be prepared 
as follows, in a simple reaction that is surprising in its specificity for reduction of the hydrazone group of the 
linker without observable effect on catalytic activity of the enzyme, or, in the case of indirect probe, on the 
2,4-dinitrophenyl or 4-N -benzytamidophenyl, and without observable effect on specificity and sensitivity of 
the probe. A solution of probe, wherein the linker comprises an hydrazone group, is taken up at a 

55 concentration of between about 0.5 uM and about 10 uM (preferably about 2 uM) in an aqueous solution 
buffered to a pH of between about 5.5 and about 7 (preferably about 6) and then an aqueous solution of an 
alkali metal salt of cyanoborohydride (preferably the sodium salt) at 0.1 M to 0.5 M (preferably 0.3 M to 0.5 
M) is added to bring the initial concentration of cyanoborohydride in the probe solution to between about 
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0 01 M and 0 1 M (preferably about 0.02 M). The reduction is allowed to proceed at 4 C to 35 C 
(preferably at room temperature) for 1 hour to 24 hours (preferably about 16 hours) and, finally, the reaction 
mixture is exhaustively dialyzed to remove excess cyanoborohydnde and bring the pH back to about 7.5 to 

about 9.5, preferably about 8.5. 
5 The synthesis of the compound 4-N'-benzylamidobenzaldehyde is described in the examples that 

follow, as is the preparation of indirect probes of the invention, wherein the nucleic acid is denvatized at the 

5 -carbon of the 5 -nucleotide with a moiety of formula XXIII or XXIV. 

As understood in the art, with an indirect probe of the invention, detection is indirect. Such a probe is 

detected for example, through binding, to the benzylamidophenyl or 2,4-dinitrophenyt group hapten of the 
jo probe an antibody prepared against the group, which antibody has been coupled by a standard technique 

to a catalytically active enzyme. Then generation of an observable signal is by a reaction catalyzed by the 

enzyme coupled to the antibody. 

The probes of the invention, which comprise an enzymaticaity active enzyme, are surprisingly sensitive 

in nucleic acid probe hybridization assays. 

is A probe of the invention, including an indirect probe, can be employed advantageously as the detection 

probe (i.e.. the probe which provides the basis for an observable signal in an assay system if nucleic acid 
analyte is present in the system) in any of the various types of nucleic acid probe hybridization assays 
known in the art. The probes of the invention, including the indirect probes, are used as detection probes in 
nucleic acid probe hybridization assays employing standard techniques that are well known in the art. see. 

20 e.g., Meinkoth and Wahl, Anal. Biochem. 138, 267 - 284 (1984) and PCT International Publication No. 
WO88/01302. incorporated herein by reference. Among the nucleic acid probe hybridization assays in which 
probes of the invention can be employed are filter-based assays, wherein nucleic acid of a sample being 
assayed is applied in single-stranded form directly to a support material, such as a nitrocellulose filter or 
nylon filter, and then detection probe is hybridized to nucleic acid analyte affixed to the filter prior to 

25 washing, to eliminate probe that has not stably hybridized to target segment or otherwise (as source of 
"background") become affixed to the filter, and then generation of signal using detection probe (directly or, 
in the case of an indirect probe, indirectly) that remains on the filter. Among such filter-based assays are 
those wherein nucleic acid of a sample is first separated in some way prior to application to the support 
material, as in Southern assays and Northern assays that are well known in the art. A probe of the invention, 

30 including an indirect probe, can also be employed as the detection probe in a sandwich assay, wherein 
analyte is first captured on a solid support (e.g.. a macroporous material such as Sephacryl S-500 
(Pharmacia) or a polystyrene latex material) by hybridization to a first probe ("capture probe ") that is affixed 
to the solid support and that has the sequence complementary to that of a first target segment of the 
analyte and then a second probe (detection probe), that has the sequence complementary to that of a 

35 second target segment of analyte that does not overlap the first target segment, is hybridized to captured 
analyte prior to washing, to eliminate from the support detection probe that is not stably hybridized to 
second target segment of the analyte or otherwise (as source of "background") affixed to the filter, and then 
generation of signal using detection probe (indirectly or. in the case of probes of the present invention, 
directly). Methods of measuring "background signal" in these nucleic acid probe hybridization assays are 

40 well known; typically this is the signal from carrying out an assay on a sample of nucleic acid that is known 
to not contain nucleic acid analyte simultaneously with the assay of a sample thought to possibly contain 
analyte. As understood in the art. the presence of nucleic acid analyte in a sample of nucleic acid is 
indicated by a signal from the sample of a magnitude that exceeds the magnitude of the signal from the 
control sample, known to not contain anaiyte. 

45 The invention is now illustrated in the following examples. 
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EXAMPLE 1 



PREPARATION AND CHARACTERIZATION OF 5 -HYDRAZt NO-DERI VATIZED AND 5-HYDRAZONE- 
CONTAINING-LINKER-DERIVATIZED SINGLE-STRANDED NUCLEIC ACIDS 

This example illustrates preparation of a single-stranded nucleic acid derivatized to have an hydrazmo 
group or a linker comprising an hydrazone group covalently linked to the 5 -terminus (i.e., the 5 -carbon of 
the 5 -terminal nucleotide). 
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automated DNA synthes.zer (Model 380A. Appl.ed B ^ e ™ 8 '" C 3 and 87 . 4l6 , w h,ch have the following 
aU Two C^onuJeofdes so prepared are M 133 a ^ ^ ^ ^ hepaMs 

sequences, which are complementary to ^""^eTSasmid pB B322 modified to have, in the EcoRI 
Sace antigen in p.asm,d pTB061 B. ^Te'JoZ ^ ^ce a'nt.gen of an hepatitis B v,rus of adw 
s,te. an approximately 900 base pair insert encod.ng 

serotype > TrrcTCAGTT TACTAGTGCCATTTGTTCAG 

Olloo 8 87-il6 5 -AACCAATAAGAAGATGAGGCATAGCAGCA Qf (he tr|ty|ated 

^onucieotides from the synthesizer were _punn ^» chromat0 graphy (10 x 250 mm 

oligonucleotides was carried out using C-8 ^. P ^\ m tnihjl-mmonium acetate. P H 6.00, over 40 
coLn) us,ng a gradient of 15 - 35 % aceton ,tr e in ^ M r V uS , 80 % aC et,c acid in water for 
mtuTei and a flow rate of 3 mi/min. Then, l 1 ^'^;; 5 ^ tc'eot.des lere isolated by UC.ethano, 
30 m,nutes. after wh.ch solvent »™ bands on a 20 % polyacrylam.de gel and 

precipitin. The pur.fied oligonucleo s,ngle 

eluted as single peaks by reverse-phase HPLC . ■ a standard procedure w,th ATP 

Purified oligonucleotides were e f ^aS t V ^ ^ C^n.ng: a laboratory Manual, Cold Spr.ng 
and T4 polynucleotide kinase. See Maniatis et a.. 

Harbor Laboratory Press. Cold Spring Harbor, New YorMl98£ - drazin0 _ der ivatized oligonucleotides as 
The 5'- P hosphorylated o.igonucleotides ^nvertrfttS ^« Res )1 6513 . 6529 (l9 83). 
follows, by a procedure adapted from one reported by Chu al- 
ter preparing 5 -am.no-derivatized oligonuc.eot^es: dichlorod ,methyl s.lane in chloroform to 
Reaction tubes were silamzed with a fresh b 



30 



35 



40 



45 



acid was then isolated by LiCI/ethano. prec.p. t*t.u i"' , jde derivative, was then taken up and 

The resulting nucleic acid, including the 5 -P hosphor,m ' a .^° at dH 8 5 of hydrazine, carbohydraz.de 
readd J 3 hours at 50 ' C in 2.5 ml of • O^ueous » ^^C^MCOJNHNH,, to make the 
(formula: (NH 2 NH(CO)NH(NH 2 )). or ad.pic d hyraz.de 2 . ( p 03)N H(NH)(CO)(NH)NH s . or -(PO3)- 

s'-hydrazino derivatives with a mo.ety of formula -<PO ( ^ ^ ^ 5 .. termjnal nucleotlde 

NHNH(C0)(CH 2 )*(CO)NHNH 2 . respectively, covalently joined 

° f "I S'^no-derivatized nuc.e.c acid was isolated from excess hydrazine, carbohydraz.de or ad.,c 
~ ~- — • «~ 60 ' " % Hi9h6St 

din.tro-phenyl ("DNP") group or 4-N comprising an hydrazone group: To 

16 hours. . martP bv adding under nitrogen 0.022 ml (0.2 mmole) of 

The 4-N'-benzylamidobenzaldehyde was made b . adding ' de _ N . h droxysucc ,nim,de ester 

oenzylamine to a solution of 49 mg (0.2 mmoles ) of 4-ca^boxybenzad _ ^ ^ ^ & ^ Qf . fy 

(wh.ch had been prepared following Krachenbuhl el : aL ^ ^ ' 2 5 hours at 23 ' C . After the 2.5 
N.N-dimethylformamide ("DMF") and al.ow.ng ^ re^n to P^J was taken up , n 20 ml of ethyl 

hour reaction, solvent was removed by ^J^^^ 10 ml of cold HCI. 10 ml of saturated 
acetate. The result.ng solution was then washed ^cesavely concentrated under vacuum. The 

NaHCO, and 10 ml of br.ne and finally dried over anhydrous MgbU. a _a te jn 

prowls p ed us,ng ^^^^T^- 3 %) .^eTntn^d spectrum of the 

Lane to afford 25 mg of 4-N "benzylam-dobenzaldehyd My* d^ > ^ ^ ^ ^ showed 

, product had peaks at 3315. 1704 and 1633 cm . The H the P $ Qf ^ pro(juct 

shifts of 10.05 (1H). 7.93 (4H) 7 35 (5H) „ 4^5 (dc^btet 2H^pp %) _ ^ %)< 
y.eided the following result: Calculated: C (75.31 /=). H (5.44 .,. 
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o ospho^y ated w th 3 2 P0 t and then der,vat,zed w.th hydrazine, carbohydraz.de or adip.c dihydrazide as 
descnbed above The reaction m.xtures were analyzed by denatunng po.yacrylam.de gel electrophoresis 
rPAGE") on a 20 % polyacrylam.de gel w„h 8 M urea followed by autoradiography, tol.ow.ng Maxarn . and 
Gilert Proc Nat.. Acad ScMUSA, 74. 560 - 564 (,977). As controls, the o.igonuc.eot.des der.vat.zed at 
fhe 5 -arbon of the s'-nuc.eotide with only *P0* or » P .phosphoimidazoBde and dissolved at a concentra- 
!on of 2 5 ".nomoles/m. in 37.5 % (v/v, DMSO in 50 mM MOPS. pH 7.5. but not exposed to reactan.s to 
make the hydraz.no and hydrazone-linker-conta.ning derivatives were analyzed by PAfafc. 

t the PAGE analysis, only s,ngle hydrazone-lmker-contain.ng products could be °und with the 
olioonucleotides derivatized with hydrazine, carbohydraz.de or adipic dihydraz.de. No evidence of 

drotlker-conta-ning products was found w.th the o„gonuc.eo«,des that, prior to reactior , w,th 2.4- 
dinitrobenzaldehyde or 4-N-benzylam,dobenzaldehyde, were der.vat.zed only w.th -PO* 

'^trpS^^with the reaction mixtures from reaction of the adip.c dihvdraz.de-denvajized 
oligSSeSes' with 4-N'-benzy.am,dobenza.dehyde as descnbed above, complete disappearance of the 
hydrazine derivative was found whereas, in the reaction mixtures from the same reaction with 2,4- 
dinitrobenzaldehyde, some unreacted hydraz.no derivative was obtained. 

Cr«ne-HnkerK»n«ning oligonucleotide derivatives were further analyzed after purification by ana- 
lytical reverse phase HPLC. Thus, to 1 nanomole of oligonucleotide der.vat.zedas desenbec at ove w th - 
(PO,)NHNH a or -(P03)NH(NH)(CO)(NH)NH 2 . in 1 ml of 50 mM MOPS. P" 7 *™*^****** 
mg/ml acetonitri.e solution of 2.4-dinitrobenzaldehyde or 4-N -benzylam.dobenzaldehyde. and the react on 
was allowed to continue for 16 hours at 23 ' C. Hydrazone-linker-conta.ning oligonucleotide was so ated 
"m the crude reaction mixture by LiCI/ethano, precipitation. Purification of the Wf>^«»™« 
oligonucleotide was then accomplished using a Vydac analytical reverse-phase column (C-8. 0.46 x 25 cm) 
(VYDAC-The Seps. Group, Inc.. Hespena, California, USA) with a gradient of 0 - 35 % aceton.tr.le m 0 1 M 
n'ethylammomum acetate. pH 6.8, over 45 minutes. The fractions with hydrazone^er^zed 
oligonucleotide were then concentrated to dryness in a Savant spin-vaccuum system , (Savant '^truments^ 
Inc Farm.ngdale, New York. USA) and the resulting pellet was then taken up m 50 mM MOPS. pH 7.5. The 
absorption spectra of the resulting solutions were recorded between 230 and 450 nm using a 

Beckman DU-40 UV-VIS spectrophotometer (Beckmann Instruments, Inc.. Fullerton. California. UbA^ 
The 2 4-din,trophenyl group absorbs at 370 nm while the 4-N -benzylamidophenyl group absorbs at 320 
nm Analysis of the elution profiles of the hydrazone-linker-containing oligonucleotides and ol.gonuc eot.des 
derivatized with only 5'-PO* established that only one detectable hvdrazone grou,. was linked to each 

oligonucleotide molecule. , ftrt , HflC 
Further, measurements establishing that the- hydrazino- and hydrazone-der.vat.zed oligonucleotides 
were not affected by alkaline phosphatase under conditions which resulted in dephosphorylation of the 5 - 
phosphate-containing oligonucleotide established that the single hydraz.no group or hydrazone was linked 
to the 5-carbon of the 5 -termmal nucleotide of the oligonucleotide. 

EXAMPLE 2 



DERIVATIZATION OF CALF INTESTINE ALKALINE PHOSPHATASE TO HAVE FREE ALDEHYDE GROUPS 

Calf intestine alkaline phosphatase (enzyme immunoassay grade) was obtained from Boehringer 
Mannheim Biochemicals, Inc. (Indianapolis. Indiana. U.S.A.). 

2 86 x 10~ 3 mol of the enzyme in 0.4 ml of a solution of 3 M NaCI. 0.1 mM MgCI 2 . 1 mM ZnCI 2 , and 
30 mM triethanolamine. pH 7.6, was dialyzed, over 2 hours, aga.nst three changes of 30 ml each of 0.1 M 
NaHCOs 3 M NaCI 0.02 % NaN 3 , pH 8.5. us.ng a collodion bag (mol. wt. cutoff: 25 kd)(Schleicher and 
Schuell Inc Keene. New Hampshire. USA) at 4 " C. Thereafter, a 7.5-fold or 70-fold molar excess of p- 
carboxybenzaldehyde-N-hydroxy-succ.n,mide ester, in a 50 mM solution in acetonitnle. was added to the 
enzyme solution and the reaction allowed to proceed for 30 minutes at 23 C. After the 30 minutes, excess 
reagent was removed by dialysis, over 2 hours, against 3 changes of 30 ml each of 50 mW MOPS, 0.1 M 
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NaCI. PH 7.5. us.ng a collodibWag at 4 C N . h d succinimi de ester was employed, an 

When a 7.5-fold excess of ^^"^ e ^ e ^e Jolecule. When a 70-.o.d excess of p- 
average of 1.1 a,dehyde groups ™*<^£?J£^ ea . an average of 3.6 aldehyde groups were 

modified enzymes at 258 nm and 280 nm. employing the N-hydroxysuccmimide 

of p-carboxybenzaldehyde-N-hydroxysuccinimide ester. 



EXAMPLE 3 



(PO,)(NH„NH,(CO ) (NH,NH I dov.len,,, io.nec « .the 5 ^"^ ^ ^ ? m / stine alkalin8 phosphatase in 
a 3.5 tnolat excess ot a 70 uM solution ol aldeh yd.-oroup den.at, ad c at ^ ^ 

50 n,M MOPS. 0., M NaC.. pH 7.5. The '^'^^^J^^ccin^d. «»r. The 

. sj^ZS^ dt,r,srr y rtya,,„^ „ . ,3 - c - .. 

hours. • <■ ^i^^tiHo Hiri nnt need to be separated from un- 

It is noteworthy that hyrazino-derivat.zed ohgonucleot.de did not need to . ? be . 

denvatized. phosphorated ol,gonucleot,de prior ,o react.n -th a^ehyde g roup £e ^ 
cause, as indicated by the model stud.es described ^.£££T^ 5 '. termi J nucleo tide of the 
,o exclusively with the free hydraz.no-group ,o.ned to the 5 carbon o oligonucleotide (or 

E^JZJ^jST* ^K^-V!^, - aldehyde-derivatized 

en2 ^ filtration in a Biorad P-100 column (1.5 x 65 cm)(B,orad. ^^^^^^ 
35 us ing 0.05 M Tris. pH 8.5. as eluant -P^*^ 

conjugate and unreacted enzyme. From measurements ° f ' ad '^ , 7^ d t me conj ugate. when *. 
derivat.zed oligonucleotide in comparison with ^^J^^ 0 ^!^ % of hydrazino-group- 
iabeled oligonucleotide was employed .n pr.par.ng the co , ^^^ n 

0, M Tris, pH 8.5, to elute free M^*^*^., pH 8 . 5 , 40 ml . fol ,owed by 0.5 M NaC. 0.1 M Tris, 
A stepwise .socratic elution (0.2 M NaCI. 0.1 m ins. pn , pnarat ion of VI oligonucleotide- 

's P H 8.5. 20 ml) on DEAE-cel.ulose (1 x 7.2 cm, DE-52) ach ^J^,™ radi0 activity due to 
Lyme connate from 2:1 o..gonuc.eotide-enzyme ^^J^^^T^ found that the 1:1 
the two conjugates, when they were prepared with 3Z P-labeled oi.gonuc.eoi u 

conjugate and 2:1 conjugate were made in approximately equ.molar a ™ u " ts . fractjons wjth tne 

55 activity of the enzyme in the con.ugates was 80 -85 % of ^^'^^/^one of their sensit.vity in 
The coniugates have been found to be extremely stable. They lose none . o 

hybr,d, 2 ation assays when stored for at least several months as ^iLToi a^dehyde-group-denvatized 
By carry.ng out Lowry protein determinations (cal.brated using d.lut.ons of aldehyoe g 
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alkaline phosphatase whoSoncentrations were determined by amino acid analysis using a Beckmann 
S em examine acid analyzer after 24 hour hydro.ys.s at 110 C) on samples of the two , CO n 1U ga es 
wh,ch had equivalent amounts of radioactivity (due to "P of the linker), it was found that the low salt 
con^eZ the one e.uted from DEAE cellulose at 0.2 M Nad. 0.1 M Tns pH «• « deecr^ 
had twice he amount of prote.n as the "high salt" conjugate (i.e., the one eluted from DEAE cellulose at as 
M NacT 0 T M Tds. P H 8 5. as described above), thereby establishing that the "low salt" connate was the 
T1 conjugate and the "h,gh salt" conjugate the 2:1 con,ugate. Both of the conjugates co-m.grated ,n gel 
, ra ion on Biorad P-200 (Biorad. Inc.) and Sephacryl S-300 (Pharmaca. Inc.. P-cataway New Jersey 
^consistently with their similar, calculated molecular we.ghts of about ,50 kd and 160 kd. f**™^ 
o Further, the "h,gh salt" conjugate had h.gher electrophoretic mobility than the low salt on a 2 agarose 
gel. consistently with the higher charge/mass balance of the "high salt" species^ 

When the conjugation reaction was carried out as described above but w.th a 5-fold or a 10-fold molar 
excess (in place of a 3.5-fold molar excess) of aldehyde-group-derivatized enzyme that had been prepared 
with a 7 5-fold molar.excess (in place of a 70-fold molar excess) of p-carboxybenzaldehyde-N-hydroxysuc- 
5 cnimide ester (and, consequently, had an average of 1.1 (in place of 3.6) aldehyde groups per enzyme 
molecule) 40 - 45 % of hydrazino-group-derivatized oligonucleotide was conjugated to enzyme and the 
ratio of l':1 conjugate to total conjugate was about 0.8 when 5-fold molar excess of aldehyde-group 
derivatized enzyme was used and 50 - 55 % of hydrazino-group-derivatized oligonucleotide was conjugated 
to enzyme and the ratio of 1:1 conjugate to total conjugate was about 0.9 when 10-fold molar excess of 
20 aldehyde-group-derivatized enzyme was used. 

Conjugates described above, with linkers wh.ch comprise an hydrazone group, have been converted as 
follows to conjugates where.n the hydrazone group of the linker is converted to an hydraz.de group <-<NH)- 
/NHHCHaH- 500 ul of a 2 uM solution of conjugate w.th hydrazone-group-contaming l.nker in 0.1 M I ns 
0 1 M NaCl! P H 8.5, was d.alyzed at 4 * C over 2 hours aga.nst 3 changes of 30 ml each change of 0.1 M 
25 MES <2-(N-morpholino)ethanesulfon,c acid), pH 6.00. and then 0.4 M sodium cyanoborohydr.de was added 
to bring the concentration of the cyanoborohydride to 0.02 M. The reaction was allowed to proceed at 23 
" C for 16 hours and then the solution was exhaustively dialyzed against 5 or 6 changes (30 ml each) of 0 i 
M Tris, 0.1 M NaCi, pH 8.5. at 4 * C over 4 hours. Conjugates with the hydrazone reduced as descr.bed to 
the hydrazide show no loss in activity of the enzyme. 
30 Conjugates, with linkers which comprise an hydrazone group and linkers which comprise an hydraz.de 

nroup are prov.ded in substantially the same way as described in this Example employ.ng calf intestine 
alkaline phosphatase derivatized as described in Example 2 with 50-fold molar excesses of the N- 
hydroxysuccinim.de esters of formulas H<CO)(CH 2 ) 2 (C € HO(CO)ON(C t H*0 2 ) and 

(C*H4 0 2 )NO(CO)(CH 2 ) 2 (C 6 H4)(CO)H and oligonucleotide derivatized as described tn Example 1 at the b - 
35 carbon of the 5'-terminal nucleotide with a moiety of formula -<P0 3 )(NH)<NH)<CO)<NH)NH 2 an* employ.ng 
calf intestine alkaline phosphatase derivatized as described in Example 2 with a 50-fold molar excess of p- 
carboxybenzaldehyde-N-hydroxysuccinimide ester and oligonucleot.de derivatized as descr.bed ml Example 
1 at the 5'-carbon of the 5-terminal nucleotide with a moiety of formula -(P0 3 )(NH)NH 2 or -<P0 3 )<NH)(NH)- 
(CO)(CH 2 ) 4 (NH)NH 2 . 

40 Conjugates are also made, as described in this Example, with oligonucleotide 87-416 or any other 
single-stranded nucleic acid of between about 8 and about 150 bases in length. 



EXAMPLE 4 

45 



50 



HORSERADISH PEROXIDASE DERIVATIZED TO HAVE FREE ALDEHYDE GROUPS 



Horseradish peroxidase is a glycoprotein and, consequently, has covalently associated with it sugar 
moieties which have v.c.nal hydroxyl groups wh.ch are susceptible to oxidation to aldehyde groups using 
periodate as the oxidizing agent. 

Thus. Type VII horseradish peroxidase was obtained from Sigma Chemical Co. (St. Louis, Missouri, 
55 U.S.A.). To 1 mg (2.5 x 10" a mol) of horseradish peroxidase dissolved in 0.5 ml of water was added 0.1 ml 
of an 0.2 M aqueous sodium periodate solution. The oxidation reaction was allowed to proceed for 20 
minutes at 23 *C and then excess periodate was removed by dialysis against 30 ml of I mM sodium 
acetate pH 4 5 at 4 * C using a collodion bag (molecular weight cut-off 25 kd). Th.s was followed by 
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3 ^"aS Z M^, e V SeLca, C»PO -as also .0 be co.aKo.y .o.ned ,o 

Vit^h .n.vmp ^ wet! as the enzyme modified by both methods described in this example, a Diue 

^Z^^^^- - -v™ s — cata, r ,,y rr^^<^ *2 

the rate of color development indicated that the enzyme modified w.th *™"«*™ at least 1M ** toss 
ace than the unmodif.ed enzyme and that the enzyme .mod* ed by reac o w th the 5CM old m .ar excess 
of p-carboxybenzaldehyde-N-hydroxysucc.n.mide ester was 70-/5 ..as act.ve as jie 



EXAMPLE 5 



' PREPARATION AND PROPERTIES OF CONJUGATES OF ALDEHYDEGROUP-DERIVATIZED HOR- 
SERADISH PEROXIDASE WITH 5 -HYDRAZINO-DERIVATIZED OLIGONUCLEOTIDES 

4 nmol of oligonucleotide 85-! 33, denvatized according, to Example 1 to have a group of formula > -- 
- (P0 3 )(NH) NH)(CO)(NH)NH 2 joined to the 5-carbon of the 5 -terminal nucleot.de. ,n pellet form were taken 
' uo^n 500 S o J sSutlon of horseradish peroxidase modified with periodate in accordance with Example 4 or 
hor erad^sh peroxidase mod.fied by react.on with p-carboxybenzaldehyde-N-hydroxysucCin.mide ester in 
accordance w'h Example 4. dissolved at 40 nmol/ml in 0.1 M MOPS, 0.1 M N.C.. P H 7.5. The conjugation 

reactions were allowed to proceed for 16 hours at 23 C. , oar tinn were 

The oligonucleotide-enzyme conjugate and unreacted enzyme from a conjugaaon reactio were 
separated from unreacted oligonucleotide by ge, filtration on a Sephadex G-75 column I™™™ ^ 
x 47 cm) at 4 ' C using 0.05 M Tris, pH 8.5, as eluant. Pooled enzyme fractions were the applied tc , a 
DeIe "e lulose column (DE-52, Whatman, lnc.)(1 x 7.2 cm) that had been equilibrated wjth 0.05 M Tr,s P H 
85 at 23-C. Step washes with 0.! M Tris, P H 8.5; 0.1 M Tris. 0.1 M NaCI, pH 8.5; and 0.1 M M M 
5 NaCI. pH 8.5, were used to elute unreacted enzyme. Elution of oligonucleotide-enzyme con,ugate was then 

" achieved using 0.1 M Tris. 0.5 M NaCI, pH 8.5. „,«,„,,„*, it 

The ratio of oligonucleotide to enzyme in the conjugate has not been determined although t .s 
presumed, based on analogy with the "high salt" alkaline phosphatase con ]U gate described in Example 3, 

■o IVsuiements of the efficiencies of the conjugation reactions, by employing the methods Ascribed in 
Example 3. showed that 55 - 60 % of the oligonucleotide was incorporated into conjugate > when . he 
periodate-modified enzyme was employed and 35 - 40 % of the oligonucleotide was incorporated when the 
D-carboxvbenzaldehyde-N-hydroxysuccinimide ester-modified enzyme was used. „ |Q . 

Assay of enzymatic activity of the enzyme in the conjugates by the method described ,„ Example 4. 

* assuming that the ratio of molecules of oligonucleotide to molecules of enzyme in ^or,ugates is 2£ 
showed that the conjugation reaction did not Significantly change the enzymat.c activity from tha of the 
enzyme modified to have free aldehyde groups. The enzyme in both conjugates ^ma,ned catal yt.cally 
active The enzyme in the conjugate made w.th periodate-modified enzyme was more than 100 t.mes less 
active than unmodified enzyme. The enzyme in the conjugate made w.th p-carboxybenzaldehyde-N- 

c 0 hydroxysuccinimide ester-modified enzyme retained 70 -75 % of the activity of the unmodified enzyme. 

Conjugates were also prepared as described in this Example with oligonucleotide 87-416. w.th 

substantially the same results. 

Conjugates are also prepared as described in this example with the oligonucleot.des mod.fied to have a 
group of formula -(P0 3 )(NH)NH 2 or -<PO,)<NH)(NH)<CO)(CH 2 MC0)<NH)NH 2 covalently ]0,ned to the 5 - 
55 carbon of the 5 -terminal nucleotide. 



EXAMPLE 6 
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SANDWICH HYBRIDIZATION ASSAY US!NG CALF INTESTINE ALKALINE PHOSPHATASE- 
OLIGONUCLEOTIDE CONJUGATE AS DETECTION PROBE 

"OngoBeadTu- brand o.igonuc.eotide-derivatized macroporous support <S,ska D.agn ^ ^ 

jol.a, California. USA) ("beads") was prepared »<»^ b ?^^^^ ^ d In macro- 

<n<53 M987) bv denvatizing cyanogen bromide-activated Sepnacryl b ui^ u 

oorous support mater^l (Pharmacia Inc.. Piscataway, New Jersey, USA) with 6-am,nocapro,c acid l to 
proTe carboxylate groups covalently joined to the support matena. and then der,vat,z,ng the carboxyiate- 
derivatized support with the oligonucleotide ("capture probe") of sequence. 

5 -TGCTGCTATGCCTCATCTTCTTATTGGTT-3 . ., NHurH , cNH , 

denvatized. at the 5-carbon of the s'-terminal nuCeot.de, with the moiety 0 [^^Z ^Te 
See also PCX Internationa. Publication No. W088/01302. which is incorporated here by re erence. 

The capture probe has the sequence complementary to that of oligonucleotide 87-416, described 

EXam 50 mgof the -OligoBeadTU" beads with capture probe were prehybridized by soaking for 15 minutes at 
37-C in ?75 ml of 5 x SSC (0.75 M NaCI, 0.075 M sodium citrate. pH 7.0). 0.1% sodium dodecy sulfate 
?SDS). 10% dextran sulfate (Pharmacia. Inc). 1 mg/m, sonicated salmon sperm DNA. and 1 moym. bov.ne 
serum albumin fraction V (Boehringer Mannheim B.ochemicals, Inc.). „ rT , nri , eri nnP strand of 

M13 Phage were prepared by a standard technique to have a genome wh.ch comprned or* strand of 
the EcoR. fragment of p.asmid P TB061B coding an hepatit.s B virus surface ant.gen The *randof the 
EcoRI fragment that was in the phage genome was the strand that comprises a segment w. h the ■ sequence 
of oligonucleotide 87-416. The phage genome. wh,ch is a s.ngle-stranded DNA. was the nucle,c ac d ana.yte 
in the assay described in this example. This analyte comprises a target segment wh.ch has the sequence 
comDlementary to that of oligonucleotide 133. described in Example 1. 

eL 5 fmol or 50 fmol of the s.ngle-stranded M13 genome and a five-told molar excess <*<*.veto 
M13 genome target) of calf intest.ne alkaline phosphatase-oligonucleotide 85-133 conjugate, wherein the 
enzyme and oligonucleot.de were present in a 1:1 ratio and were covalently joined by a linker ^ formula -- 
(P0 3 )(NH)(NH)(C0)(NH)N = CH(C S H*)(C0)- and which was prepared- by the method of Example 3. were 
combined in a 50 ul solution of 5 x SSC. 5% dextran sulfate, and 1 mg/ml of bov.ne serum album.n fraction 
V and heated for 5 minutes at 65* C. The target DNA and enzyme-oligonucleotide conjugate were then 
permitted to hybridize for 30 minutes at 42 ' C. (When target is present at less than about 40 fmol/ml, this 
solution hybridization is continued for at least two hours.) - ,,„ m 

After the pre-hybridization, the beads were pelleted by centrifugation with a benchtop centrifuge from 
the prehybridization solution and the supernatant was removed by aspiration with a pipette and discarded. 
Then the beads were taken up in 200 ul of 5 x SSC. 0.1% SDS, 10% dextran sulfate, and 1 mg/ml bov.ne 

serum albumin fraction V. ,. , 

Then the 50 ul solution in wh.ch target DNA and enzyme-oligonucleotide conjugate were hybrid.zed 
was combined with the 200 ul of solution with the pre-hybridized beads and the result.ng solution was 
incubated for 90 m.nutes at 42 ' C for hybridization of target (hybridized to detection probe) to capture 

probe on the beads. „,.,_. ,.,_,<- 

Then the beads were pelleted by centrifugation with a benchtop centrifuge, the supernatant was 
removed by asp.ration with a pipette and discarded, and, finally, the beads were washed three times with 1 
ml of 2 x SSC (0.3 M NaCI. 0.03 M sodium citrate. pH 7.0) each time by soaking for 10 minutes at 37 u 

Hybridization of the enzyme-oligonucleotide conjugate detection probe to target DNA captured by the 
capture probe covalently affixed to the beads was determ.ned by color development. After the third wash in 
2 x SSC the pelleted beads were rinsed with 1.5 ml of a developing buffer (100 mM NaCI. 10 mM MgCfe. 
and 100 mM Tris, pH 9.5) and then, after pelleting the beads by centrifugation in a tabletop centrifuge and 
removal of the buffer by aspiration with a pipette, color development was initiated by adding to the beads 
ml of developing buffer wh.ch included 0.1 mM p-nitrophenyl phosphate and vortexing the mixture to 
suspend the beads in the buffer. Color development was allowed to proceed for 1 .25 hours at 23 C. After 
the 1.25 hours, the support material was pelleted by centrifugation and the absorbance of the supernatant 
was measured at 410 nm. 

The absorbances measured at 410 nm with the samples described above were compared with those 
measured with controls. The control runs were the same as those described above except that, in place of 
the beads denvatized with oligonucleotide 85-133. beads were used that were denvatized with an 
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EXAMPLE 7 



ra^ED HYBRIDIZATION ASSAY US.NG ENZYME-OLIGONUCLEOTIDE CONJU 
NITROCELLULOSE FILTER-BASED H ™™^™ TECTK)N PROBES 



75 



20 



25 



30 



H rl "hiah salt") and horseradish 
Con.ugates of calf -stine alkal^ CHjC^ 

E c 0 rDNA, and 50 ng of P BR322 were ^-^ u .^ a S^ . ihlaicher and Schuell (Keene New 
Lutes) neutralized with 2 M ammonium acetate membrane wh.ch had been 
Tmpie. USA) Minifold ,. slot-b.ot systen, «!» ^ vacuum and pre-hybridizec I by bemg 

predated with 10 x SSC. The f. ter was then baked at 80 ^ o( g hybridizat , on buffe r ( 

Abated for ,0 minutes at 50 C in ^^Jy, pyrrolidone (average molecular weight 

SSC 5 mg/ml bovine serum album.n fract.on V, 5 mg/m. oi p y y SQS 

« M ^ Sigma Chemical Company. Inc., St. Louis Missour^ U W ^ 5Q . c ^ con , ugate 

Ttter' the filters were prehybridized. they were nyondized .n the bag 
at 2 uq/ml in the hybridization buffer. d three time s. for three minutes 

' h nfter (0 1 M Tris, 0.1 M NaCI. and 10 mM MgCb, pH 9.5) ana ^ hloro . 3 . jndo i y i 
SS5S SJE ^ -33 ^The-r was aHowed to s,t ,n 

Xr^^*™^ «- ,ter was washed 

For assays with the horseradish P*™*™^™**^ face up I 5 ml of a solution of 0.5 mg/m. 
with 0 05 M Tr... P H 7.6. - d then developed y being placed ^ up ^ % ^ ^ ^ ^ tQ „ t 
, 3 3 -diaminobenzidine hydrochloride, 0.05 M Tris, pn 

in th e solution for 1 ^3 0. - peroxidase con)U gate y,e,ded a visually 

J^J^S^ b ■el^Ta: So— s,gna,s reprod-, y with 

' 5 f a^mof of a nucleic acid analyte -^^-.^^^ d a" assay similar to that described in th.s 
accordance with the present invent.on in a filter based nyo 
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vcinnamic acid in sodium borate buffer. pH 8.3. and reading signal with a luminometer. as described by 
yc.nnam c cd n soa ch em,luminescent assay of Urdea et al.. luminescent 

p^tme^ ^X released into solution; thus, rather than develop bands directly on the 
ier bands are cut from the filter and suspended in the developing solution for Signal development. 



5 

EXAMPLE 8 
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CALF INTESTINE ALKALINE PHOSPHATASE-OLIGONUCLEOTIDE CONJUGATE PROBE IN SOUTHERN 
BLOT ANALYSIS 

Plasmid DTB061B was digested to completion with EcoRI and 3-fold serial dilutions of cleaved plasmid 
in 0 04 M Tris 1 mM EDTA pH 7.8, 1 ug/ml ethidium bromide (i.e., 100 ng, 33.3 ng. 11.1 ng. 3.7 ng, y.i 

q 410 pg 37 pg « pg. 15 pg. 5 pg and 1.7 pg of plasmid, were electrophoresed through separate 
ane of S.5 % Srose^el. Th^ge. was photographed under UV light, and then DNA fragmen ts were 
transferred to a nitrocellulose filter following the procedure of Southern. J. ^^J^-^^^ 
The filter was then developed fol.owing the procedure described m Example 7 using ! ug/ml of a al ne 
phosphatase-oligonucleotide 85-133 "high salt" con.ugate probe and 1 hour of co o^evelopment With he 

thidL bromide stain.ng. only the P BR322 portion of pTB061B could be detec tea and then in on y e 
,00 ng and 33.3 ng lanes. In contrast, with the connate probe for. DNA *«™ to ^ » * ^ 
surface antigen coding portion of pTB061B could be detected but ,n all lanes down to the 410 pg lane, 
where color was clearly visually detectable. 

EXAMPLE 9 



DER.VATIZAT.ON OF UREASE TO BE COVALENTLY JOINED TO FREE ALDEHYDE GROUPS AND PREPARA- 
TION OF UREASE-OLIGONUCLEOTIDE CONJUGATE PROBE 
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Jack bean urease (type VII) was obtained from Sigma Chemical Co.. St. Louis, Missouri. USA. 

25 nmol of the urease in 0.25 ml of water was dialyzed at 4 - C over 2 hours against three changes of 
30 ml each of 0.1 M NaHC0 3 , 3 M NaCI, pH 8.5. Then a 50-fold molar excess of p-carboxybenzaldehyde- 
N-hydroxysuccinimide ester in 30 ul of acetonitrile was added to the enzyme solution and the reaction was 
allowed to proceed for 30 minutes at 23 * C. Excess p-carboxybenzaldehyde-N-hydroxysucc.nimde ester 
was then removed by dialysis at 4 ' C over 2 hours against 3 changes of 30 ml each of 0.05 M MOPS C U 
M NaCI pH 7 5. 4 nmol of oligonucleotide 85-133, derivatized at the 5 -carbon of the 5 -terminal nucleo ide 
with the moiety of formula -(P0 3 )(NH)(NH)(CO)<NH)NH 2 and in pellet form, was taken up in 200 ul ot 
solution of the urease, modified to be covalently joined to free aldehyde groups and dissolved .n 0.05 M 
MOPS 0 1 M NaCI pH 7.5, as described above in this example. The conjugation reaction was allowed to 
proceed for 16 hours at 23 ' C. Then urease-oligonucleotide conjugate and unreacted urease were 
separated from unreacted oligonucleotide by gel filtration through a Biorad P-100 column (1.5 x 65 cm) at 4 
" C using 0.05 M Tris. pH 8.5, as eluant. The conjugate was then separated from unreacted enzyme by ion- 
exchange chromatography of the enzyme- and conjugate-containing fractions from the gel filtration over a 
DEAE cellulose (DE-52. Whatman) column (1 x 7.2 cm) eluted with 15 ml of 0.05 M Tris, pH 8.5; 15 ml of 
0 1 M Tris. pH 8.5; 20 ml of 0.1 M Tris. 0.1 M NaCI. pH 8.5; 40 ml of 0.1 M Tris. 0.2 M NaCI, pH 8.5; and 
40 ml of 0.1 M Tris. 0.5 M NaCI, pH 8.5. The urease-oligonucleotide conjugate eluted with the 0.1 M Tris. 
0 5 M NaCI pH 8.5. Finally, the conjugate-containing fraction was desalted and concentrated to 1 ml using 
a Centricon 30TM microconcentrator (molecular weight cutoff: 30 kd)Amicon Corp.. Danvers, Massachusetts. 

USA). 
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T^^BniMFD TO FREE ALDEHYDE 

GROUPS AND PREPARATION OF CABBO samtc * Inc.. Ml-"- P »""- 

be covalently lOined to free aioe y a ^ enzyme , n a 0 .1 ^ mo,/n J M M0PS . 0.1 W 

The derivation process » beg* enzyme at ab0 ut 0.1 umoUm. ,n 0.05 



D6 covalently io.ned to -eea, ,^ „ ^ {he enzyme , n a 0 ., ^. 0.1 
The derivation process ^^^^ enzyme at about 0.1 umoi;m. .n 0.05 

of solution of desired, a.denyde-group ^ ^ 

NaCl, pH 7.5. de r,vat. 2 ed at the 5 -carbon of tn« » a sQ|utl0n of 

Zle-group-deri V at,zed carbon.c an ydrase ^ 0^ ^ ^ proceed for l6 nou, a 23 ^ ^ 

re act,on between the "''Q 0 "" 0 '^ c ^, uqate and unreacted carbon.c annydrase we e P g 
carbon,c anhydra S e-ol,gonuc,ec , d c ug.» & Sephadex ( n , . ^"^^ and 

s unreacted ongonuc.eot.de by geM^-^ ^ c^ron^^J^ ^ p|e 9 t0 sep arate 

using 0.05 M Tns. P H 8.5. as iu filtratjon was earned out as descr ' D ® d conc entrated as 

in ihe „ thai m „, - rr-,°: ssrs s 

It will be apparent to tne skih« nreS ent specification without deparony inve ntion as 

described and claimed herem. 



Claims 
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ms . catatytically active 

-(PO3)NH(R,)N = CH(R 2 )(C0)- ' 



45 




50 



th« /rc» aroups or alkylene of 

, ,o 10 cart-on Moms and > * 3 carBO „ atomSi .w H, .s selecMO 

lrom „ ^ a,,- - — - 

group consisting of alkyiene o« 



55 
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15 



20 



25 



Tee^Z\t»po< the enzyme. nude , c ac , d conS ,s,s of 20-150 "ucleotdes ,n 

(NH)(CO)(NH) and (NH)(CO)(CH a ).(CO)(NH). whe e. 
is selected from the group cons.st.ng of a bond oerw 

(COMNH); and R 2 is p-phenylene. wherein the enzyme is selected from the 

(C0) . A nucleic acid probe according to arrj > ™££T o alkaline phosphatase, horseradish peroxidase^ 
group consisting of calf ^^'^b S carbonlc anhydrase. P. fscher, lucferase 

E coti betagalactosidase, jack bean urease. ^ 

CT. — « ~ — — — ' > — " 

-{P0 3 )NH(Ri)N= IX 

and formula X m 

isstzl J M « ^* ~— . - • «- - * o9ens ' (NHK 

"l3 
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and (NH) ( CO)( R , ,)<COHNH). wherein R„ is a bon «JJ. <^ J nd P each is se ,ecte 

1 to 10 carbon atoms and wherein R, 2 R„. R |\ a " d * atom s; where.n the -<PO,)- group .8 

rom the group consisting of hydrogen and a.kyl of to , ca r ^ _ n = ^ ^ d 

bonded to the 5-carbon of the 5 -nucleotide of the ™^ ^ S|(je of formu , a x are bonded to a carbon 
of formula ,X and the nitrogen of the JH-gr oup a the ngh ^ groyp formed .„ ^ watment of the 
of a sugar residue of the enzyme, that was the caroo 

enzyme with periodate. nucleic acid consists of 20-150 nucleotides ,n 

V A nucle,c ac.d probe according to Cla,m wherem the catalytjcally active enzyme is an 

the sequence complementary to the .»*™^JZ% ^ s 9 ele cted from the group consisting of a bond 
eukaryotic peroxidase, e.g. horserad^ 

between the n.trogens. ( NH)(CO)(NH) and NH^0)(CH^COK ) ^ . $ 25 . 50 nucleotides ,n length. 

7. A nucleic acid probe according t ° . Cla ^^ n h d er b e e n tw t een tne nitrogens. (NH)(CO)(NH) and (NH)(CO)- 
and R, is selected from the group cons.st.ng of a bond betwee 

rrr^r.- « w - • — — « *■«■■«■ <nh,<coknh '' 
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«* ,NH„COKR...(O0KNH,. R„ is, bond b^., ~ ^0/^! .. s,»c,« 

?0 cLon atoms .no ,o 3 C »J„ »»> " he '»" - ' ,P0 "" 9r0U ° " 

^^«J^- „ ld „„ !1S1S „ 2 „-, 5 „ noc.o.des ,n « 

a n d s aM enzyme *• »«■ »» a °' '° m "' a ' : 

r 9 i P «— - . «- — - « ^ ,NH,<co,,NH, ■ 
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35 



40 



and (N HKC0„R„KC0KNH, „«,n p, , is a ^~^TZV^ K 5^ 
, ,„ ,0 carbon atoms and 3 carbon atoms; wb.rein R, is selected trom the 

lrom ,„e ^-^-JT^cS^ii or aryt.ne totm.ia: 

group consisting of aiKyiene ui 
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50 



55 



where.n R 2 , is alkylene of 0 to 10 carbon; atoms. 5 '. nuCleot ide of the nucleic acid: and wherein 

r c,= set.: — ~ - s; i=*ix= 

probe and is derived with a moiety of a formula XIV 

-(PO,) (NH)(Rt)NH 2 -XIV 5 '. carbon of the 5 -nucleotide of the nucleic ac-d. w.th a 

(CHO)(R 2 )(CO)- XVIII. , sts of 20 . 15 0 nucleotides in the 
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75 



20 



25 
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35 



40 




on ™ mP is selected frSfthe group consisting of phosphatases, peroxidases. beta-galactos,aases. ureases, 
enzyme ,s se ^ ed J r ^ d \^ eras P es . R , is selected from the group cons,st,ng of a bond between the 
n^ens t^m^WWUCOW*). where,n n ,s ,s 0 to 10; and R, ,s selected from the 
nrouo consistinq of p-phenylene and (CH 2 ) m , wherein m is 1 to 10. 

group cons^ng nucleic acld |S 25 . 50 nuc | eo t,des ,n length; R, is 

seated «Z : the gX con-ting of a bond between the nitrogens. (NH)<CO)(NH, and (NH) ( CO)(CH 2 ) t - 

(C °n ; methS 'acccS ? Tan V one of Cms 1 1 to 1 3 where, the enzyme ,s se.ected ,om the group 
consisting of calf intestine alkaline phosphatase. E. coli 

coli beta-galactosidase. jack bean urease, bovine erythrocyte carbomc anhydrase. P. fischen luciferase and 



45 



50 



IS A method of making a nucle.c acid probe which comprises a s.ngie-stranded nucleic ac,d and a 
catalytically aSve e Lyme, where-n sa,d nucleic add comprises a segment of at least 20 nuclides in the 
eouence jZZZZJLy to the sequence of the target segment of said probe; wherein said enzyme ,s a 
gXro^'nThat has bee'n oxidized by treatment with periodate; where.n said nucleic acid and sa,d enzyme 
are linked by a linker of a formula IX 

whe^einR^rse^ecte^from the group consisting of a bond between NH and N. (NH)(CO)(NH), 




55 



and (NH)(CO)(R,.)(CO)(NH). wherein Ri i is a bond between the carbons of the (CO) groups or alkylene of 
ana iiw^unnivi a > rt R _ the same or different and each is selected 

1 to 10 carbon atoms and wherein R, 2 . Ri 3 Ri* and R,s are tne same or ameie 

from the group consisting of hydrogen and alky I of 1 to 3 carbon atoms; wherem the -<PO, - group ,s 
bonded to the 5'-carbon of the s'-nucleotJde of the nucleic ac.d; and wherem the -N = at the r,ght-han side 
of formula IX is bonded to a carbon of a sugar residue of the enzyme, that was the carbon of a carbonyl 
group formed in the treatment of the enzyme with periodate. which method comprises reacting, in an 
aqueous solution buffered at a pH between 7.0 and 9.0. a single-stranded nucleic ac.d. which has the same 
sequence as that of the nucleic acid probe and is derivatized with a moiety of a formula XIV 

iherer»r'(P03V X group. is bonded to the s'-carbon of the s'-nucleotide. with sa.d catalytically active 

en2V 16 e A method according to Claim 15 wherein the nucleic acid consists of 20-150 nucleotides in the 
sequence complementary to the sequence of the target segment of the probe; the catalytically active 
enzyme is an eukaryotic peroxidase, e.g. horseradish peroxidase; and R, is selected from the group 
consisting of a bond between the nitrogens. (NH)(CO)(NH) and (NH)(CO)(CH j)n (CO)(NH). wherein n ,s 0 to 

10 ' 17. A method according to Claim 16 wherein the nucleic acid is 25-50 nucleotides in length: anc I R, is 
selected from the group consisting of a bond between the nitrogens. (NH)(CO)(NH) and (NH)(CO)(CH 2 )»- 

18 A method of making a first nucleic acid probe which comprises a single-stranded nucleic acid and a 
catalytically active enzyme, wherein said nucleic acid comprises a segment of at least 20 nucleotides m the 
sequence complementary to the sequence of the target segment of said probe; wherein said nucleic acid 
and said enzyme are linked by a first linker of formula II: 
-(P0 3 )NH(R,)NH(CH 2 )(R2)(CO)- II 

or formula XXIX 
-<P0 3 )NH(Ri)NH- XXIX 

wherein R. selected from the group consisting of a bond between the nitrogens. (NH)(CO)(NH). 
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10 



^ ^ r\i thA iCO) qroups or alkylene of 

t0 ,0 carbon atoms and where. ^ ^ 3 arbon atoms; where.n R, is seiected from the group 

the group cons.st.ng <* ^ an, ary.ene of formuia: 

consisting of aikylene of 1 to 20 caroon 



75 




20 



25 



30 



35 



40 



45 



^ /pn \- nrouo is bonded to the 5'-carbon 
herein R„ i, Xylene of 0 to 10 ^^^T^ "n^f l,d first .in.er ,s formula U. *- 

riaht-hand side of sa.d formula ,s bonded to a carbon o y jodate; whlC h method compr ses 

«?a carbonyl group formed in the treatment of he enzyme v ^ cyan oboroh y dnde w, h a 

of a caroony a J- buffered at a P H of 5 to 9. an alkali me {hat (n 

reacting, in an aqueoos „oiu..- Ketanti -n v the same as said first nuclei- -co ... 

rr,::^ - — - a sKond link " °' '° m " la 

.(PO3)NH(R0N = CH(R 2 )(COV ' 

or formuia IX , (orm ,,i a i 

.(P0,)NH(R, )N -IX |inMC „ of to,™,, „. said second l.nKe, is of formula I. 

oaSvKal V active enzyme is selected ...m * ^ciferases ano Bi ^s selected from the group consisting 
SlactosidLs. ureases, carbonic anny«s„ . d uc ^ ^ WOO)(NH) . n is is 0 .0 ,0: and 

JLVSSS. S ^nsSS^eUe — - ,„ ; R is 

c o„s,s„no o, -j^^^^ J^£"£&= — "»™ 

coli betagalactos.dase, lack bean urease. 

firefly luciferase. _ . f . ^ _ <t ljnker is of formula XXIX; the nucleic acid consists 
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, , tP in sa.d assay a probe which comprises a s.ngle-stranded 
acid probe for detecting nucleic acid anaiyte .n sa.d assay 
nucleic arylene of formula: 




w 



75 



20 



25 



/on \ nrouD is bonded to the s'-carbon of 
wh ere,n R 2 , i, xylene, of 0 to groups at the right-hand s,de, 

the 5'-n U cleot,de of the nucleic ac.d: ^ wh « re '" * e ^ ° m * no group 0 , the enzyme; proved that J the 
of figures . and II are bonded to the , nitroge c a free am.n Q P ^ that has be en ox.dized 

nnker is of formula IX or formula X. the ca talyt.ca V ^ e enzy n , trQ y of the -NH- group at the nght- 
w ,th penodate and -N - « • J^a IX and ^ ^ ^ ^ carbon of . 

^^0^^,n ^Cment of = "^robe ,s of formula I or formula , the 
25. An assay according to Claim ^t"" 6 ^ " " J in the sequence complementary to the sequence of 
nucle,c acid of the probe cons.sts of 20-150 -^J^ ^ conslstlng of phosphatases, 

the target segment: the catalytically active enzyme and luaferases; R, is selected from the 

peroxidases. beta-galactos,dases. ureases carbon anhyd ase )(C H 2 ) n (CO)(NH), wherein n .s 

(CO)(CH 2 ).(CO)(NH); and R 2 is P-P h ^' e ° e c s 24 to 26 whe rein the enzyme of the probe is selected 
27 ^ ^^^T^^^s^e. E. col, a.al.ne P^-e^ser d, ? 
IZZsTt Tor bS-galactidase, ,ac* bean urease, bovine erythrocyte carb.n, an,,dra.e. 

fishcheri luciferase and firefly luciferase. q{ the probe is of formula I. 

28. An assay according to any one of Claims 25 to 2 where ^ ^ ^ formu|a x ^ 

29 An assay according to Claim 24 wherein the l,nke of the P o tQ sequence of 

nuclefc acid of the probe consists of 20-150 nucleotides in p erox'dase. e.g. horseradish perox- 

rrw:^^ the ~ (NH)(C0,(NH> 

( NH)(CO)(CH 2 )„(CO)(NH). wherein n is 0 to 10. 25 . 50 nucleotide s in length; 

<CH 2 )*(CO)(NH). where)n the )inker of th e probe is of formula IX. 

31. An assay according to Claim <lv or ^tdm. ^ 

32. A compound of formula XXII 
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XXII 
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group consisting of formula XXlll 
.(P0 3 )(NH)(Ri)N = CH(R 3 ) XXlll 
and formula XXIV 
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♦ rti. (CO) groups or aikylene of 
o is a bond between the carbons of the (CO 9 ^ selected 

listing ot nyuruy^ 



from the group cons 
the group consisting of 



75 



and 



20 



25 



f 20-150 nucleotides 

,• ,n naim 33 wherein the nucleic acid consists o ^ oyp 

ns ,sting of a bond between the 25 _ 5Q g th 



tn 

cons 
to 10 
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(CH 2 U(CO)(NH) 

• ^ linker is of formula XXIH. 

36 a ™« ~ ~* » » sir, - ^^rr-Sc ^ «-« - - « 
„ ^ ^TfxrsS^-^ ---- - - - *~ 

ot cairns 24 to 31 . wherein the nucle.c ^ ^ ^ ^ ^ accord , ng 

to any one of uaim* o 
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